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“¢3The Naval Surfane Weapons Center (NSWC) has a continuing task Zrom the
Department of Defense Explosive Safety Svard (UDE3B) to estaplisn metnods ror
predicting the fracment nazards due to the inadvertant explosion of ordnance
itams. AS part of this tasx, NSKC has established 2 computer rmodel which
predicts Zragment hazards. This curputer model was explained in the minutes
of the twenty-firsat DCU Explosives Seamlnar,

\¥he computer model calculates individual trajectorles for each fragment

‘recoverad in sgall-scale fraguent arena :eats}k~The following varlables affect

the individual fragment trajectories: \

EI = Initial Elevation Angle
VI - Initial Veloclity

A/M - Area to Mass Ratlo

ALT = Altitude

RHO - Air Density

MN - Mach Nuvamber

HO - Helgnt of the Origin

SC - 'Soil Constant (Ricochet)
W - Wind Speed and Direction
cn - Dirag Coefficlent

Except Cor C , all of these variables can be defined with a8 fair degree
of accuracy by teata. measuraments, and calculatioas.

The drag coeff'iciant for any fragrent is a tunction of shave only. For
regular fragments, like spheres or cubes, the drag coefficlents are ceasonably
well defined. For irregular fragments, like those from bombs or concrete
walls, no two fragments have exactly the same shape. A3 a result, no two
irregular fragments have exactly the same drag ccefficienl, .In all cases,
drag coefflicient is a function of Mach Number.

The drag coefficients for irregular fragzents are not only uncertain but
have a pronounced effect on far~fieid range. Figure 1 shows range versus C
for a typlcal fragment. The range of low subsonic Cp varies from .5 to 1.5, a
factor of three. Associated range varies by a factor o more than 2. This
represents a large range uncertainty in trajectory calculations Cor
establishing fragment hazards. If this uncertainty is to be reduced, some
correlation must be established between CD and the characteristics of the
irregular fraguents.

Ch 13 a function of shape only. Therefore any correlating parameter
ghould be dimensionlcss; that {s, geometrigally similar fragments which have
the same C, should have the same correlating parameter. For eéxample, we might
take the ratio of the maximum presented areca to the ainimum presented area as
3 mea3zure of shape, For a sphere this ratioc would always be one no matter
what the size of the sphere. For 2 cube this ratio would always be 1.732.

The impetus for this program was provicded b, . obsccvation having to do
with the data contained in reference (a). That report contained the first
gysteaatic look at air drag for fragments. Three regular fragments.were
studied i the report, 1.e., a sphere, a cube and a bar. Tho bar length,
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width and thickness were in the ratio of 5-1-1, Since these lragments were
regular, exact ratios of maximum to minimum precented area could be
calculated., The resul’s were as follows:

FRAGMENT SHAPE

SPHERE CUBE BAR (5-1-1)
Cp (MN .75) .60 88 1.2
Avax/AuIN 1.00 1.73 7.14

Note that as the correlation ratio increases so does the Cp. The repoct
also showed that the Cp for {rregular fragments was greater than those for the
sphere or cube. For 1rregular ’ragneﬂts the area ratlo could be expented to
be on the order of that :5r thé bar., Everythlhg seemed to support the idea
that the CD for irregular fragments could be correlated with dimeaslonless
parameters.

To follow up on this idea, 1t was declded to choose 96 fragments with a
wide variation of shapes for test in the vertical wind tunnel at Ballistic
Research Laboratory (BRL) in Aberdeen, Maryland. Four different kinds ¢f
measurement were made on each fragment. :

1. Linear Maxima: Length, width ana thickness
2. Linear Averages: Length, width and thickness
3. Perimeters: (3 planes)

4, Presented Areas

a. Maximum

b. Average

¢, Minimum

4. Variance . N
e. Standard Deviation

Linear dimensions were measured as shown in Figure 2. Note that in
calculating average dimensions, the average thickness is calculated to produce
an equivalent weight and volume rectangular parallelepiped.

Perimeters were measured In three planes as shown in Figure 3. Note that
the perimeters do not exactly follow the contour of the 'ragment but represent
a stretched atring around the high pointa.

Fragment presented areas were measured Iin two ways. Measurements were
made using an icosahedron gage, and calculations ~ere performed on the
equivalent weight and vclume rectangular parallelepipeds. Figures 4 and §
show the essentials of these measurements and calculations. The lcosahedron
gage 13 an opticai device which throws a shadow of the fragment onto a sensing
surface. The assoclated electronics produces a readout of presented area.

The optical axis 13 positioned at 16 approximately equally spaced aspects so
as to produce 16 distirnct presented areas which can be analysed for a variety
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of statistics. The lcusahedron gage cannot mount a fragment weighing more
than 1500 grains. Foe largec fragmen.s, presented area statistisa are '

calculated using the rectangular parallelepipeds as shown in Figure S. {Qr\
DA

N
All of the linear, perlmeter and area measurements ror the 96 fragments -

are contalned in Tables A-1l, A-2 ancd A-3 of Appendix A.

Tha esientlal aspects of the vertlcal wind tunnel are shown in Flgure 6.
In.operation, a fragment 1s placed on the fragment aupport screen in either
the upper cr lower test section depending on the alr velocity necessary to
raise the fragment. The alr speed is conirolled by opening the inlet vanes of
the constant speed fan. The alr 3peed 1s adjusted until the fragment rises
from tre screen and assumes a relatlvely constant height, At this time, the
alr stream velocity I8 read directly from the velocity calibrated manometer.
Alr density is calculated from LhC ambient pressure and temperature. Ambient
conuitions are acceptable because of the relatively low air velocities
produced in the tunnel. These parameters together with the weight and average
; resented area of the Uragment are then used to calculate the low subsonic
drag coefficlent (Cp). .

Each fragment was tested in the vertical wind tunnel. The velocity of

the air stream i3 incruased until the fragnent hovers in the air stream at

near coastant vertical height. Ia this vertical equilibrium position the drag

and gravity forces will also be in equilibrium. From previous measurements we

know the welght and average presented area of the fragment. From the wind

turnel we establish the density and velocity of the ale stream. AS shown in

Figure 7, ance we know these values, we can <alculate CD. Since we operate at

a aingle alr velocity we can only obtaln a single point on the drag curve. -

This point is in the low subsonic region, roughly about a Mach Number of S

¢.1. The remainder of the drag curve must be infercred from other sources. _—
Three regular fragments (sphere, cube and bar) which were tested in

reference (a) were also tested in the vertical wind tunnel. In reference (a)

however, C, was obtained at a Mach Number of approximately .75. The results

were a3 follows:

c Cp
Wind {Lnnel Refarence (a) Delta

Sphere A2 .60 + .18
Cube .64 .88 + .2
Bar 1) l.12 + .18

As seen in the table, Cp at Mach .75 13 about .2 higher than C, at
Mach .1 for all three fragments. Owing to the consistancy in the rise of C
from Mach .l to Mach .75 for the three regular fragments, it seema reasonabdble
at this tiwme to accept the same rise in CD for ir-egular fragments., In this
way, the shape of the subsonic drag curve (as & function of Mach Number) for
irregular fragnments 1s established.

Experience shous that range is more sensitive to changes in subsonic CD
than to similar changes in supecsonic CD' This can best be seen in Figures 8
and 9. The shape of the trinsonic and supersonic portions of the drag curves
in Figure 8 are approximaticna based on the study of acattered data in
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. reference (a) and (b). Oun the left side o’ Figure 8, the subsonic Cp is held
\ conatant while the superscnic C, 1@ allowed Lo vary #.25 about the mean. The
\. . range differences from the mean are uot™ less than 100 feet. On the right
- e aide of Figure §, the supersonic C, 13 kest about the same as before and the
L. Pepn subsonic C is allowed to vary 2. ?.g about the mcan. If subsonic and -
’ supersonic CD were equally sensitive then the new range differences (deltas)
should be about twice what they were buefore., Jn fact, they are abcout four
times as large.

e
P

Thias range sensitivity can be further expiained by the data in Figure 9

- where velocity 1s plotted against range ratlo for a typlcal far~fleid

trajectory. The range ratio is the fraction of the total trajectory

traversed. From the figu~e it ca- be seen that only 25 percent of the

oy trajectory i3 supersonic while 75 percent {s subsonic. Flgures 8 and 9 )

F damonstrate that the subsonic portion of the drag curve affects range much A
oore than the supersonic portion. .
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o
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. Tables A-Y4, A~5 and A-6 of Appendix A list all ol tha dimensinnless {

AN ratios considered to date, When plots of C, veraus the ralios were made, the .~
beat correlation was obtained with the ratio Aypx/Aapg: that is, the ratio of :Zj
the maximum presented area to the average proaented area. This corrslation is
shown on Figure 10 The value for Apy,y/Rayc 13 an average of the values ~
obtained using the icosahedron gage and the equivalent rectangular e
parallelepiped calculations. The total range of uncertainty for all irregular' ) !
tra@nents is from about 0.5 to 1.5. The range of C, uncertuinty at an average .

./A ot’ 1.45 to 1.5 is about 0.6. On average then, it can be said that
tm cocreur.lon reducea the uncertainty by about L) percent.

SROR PPN
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: SN It i3 important to know what a 40 percent reduction in CD uncertainty
M . Y. means in terms of range uncectainty. Figure 11 shows this range uncertalnty E
ot for a typical fragment trajectory with a presented area ratio of 1.5. The o
4 e range differences are large, about 18 percent above the average ani 28 percent
A o . below. In order %o reduce the ranpge uncertainty to an acceptable region of o
v . “\ about 210 percent, 1¢ will be neceJsary to reduce the CD uncertainty by about .
S i 75 percent. 2
E ’ .
J'fi‘ g In sumsary, the rollowing observations can be made: S‘
,g \ 3 1. Cp 1s a function of siwpe only. Py
a4 ) &
’-'3 \ ! t 2. Range s more sensitive tc subsonic tharn Lo superscnic Cp variations. *
A
.‘. !
g - 3. Cp correlates with dimensionless parameters. .5
\ L]
bt 2
5. \ 4. The Ay ,(/AA g parameter correlation reducs CD uacertainty by :2
J . lppmemat.eXy 40 percent. o
g -~ ?
‘.; \ Significant problems romain unresolved. For an acceptable range .
o " uncertainty of about sl0 percent, it will be necessary to reduce the C )
; \ uncertainty by about 75 percent. This night be done in a variety of ways. :1
: ' More efficlent correlation parameters might be established, The typlcal Q
oo : motion of ths fragments in the wind tunnei (Figure A-1 thru A-9 of Appendix A) 3
o { g might be used as an added correlatlion. Possibly, the use of presented are 8
" ! '
- [ 4
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other than average might be used In cclculating C,. For cxample, in Figure
A=3 of Appendix A all fragments exhibit a flat rotation such that the area
presented to the air stream i3 much greater than the average prosented area,

Another uaresclved problem involves the shipe of the transoric and
supersonlc partions of the drag curve, At rveacnt, the shape 1s only an
approximation based on scattered data contew ¢ {n references (a) and (b). A
practical method is needed to test lrregulu Jrosaents for Cp In a supersonic
wind tunnel. The easential problem is the d¢. sign of a fixture which will
allow the fragment to move freely and, at «h- s.me time, continually measure
drag force,

REFERENCES

a) Alr Drag Measurements of Fragments, D. J. Dunn, Jr., and W, R, Porter, BRL
Memorandum Report No. 95, D. J. Dunn, Jr., and W, R, Portor, (UNCLASSIFIED,
Augusc 1955).

b) Subscnic, Transonic and 2upersonic Drag Characteristics of Nine Shape

Categories of Warhead Fragments, NSWC TR 81~112, Peter Daniels et al.,
(UNCLASSIFIED, May 1981)
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This Appendix contain® 6 Tables and 9 Figures.

Table A-1 contalins 16 presented areas measured by the icosahedron gage
for the 84 fragments which could be mounted on the gage. Table A-2 presents
the linear and perimoter measuremcnts for all 96 fragmerwes, LWP, LTP and TWpP
are the perimeter measureaments in the LW, LT and TW planes, respectivel:.
Table A-2 also contains the subsonic (M - 0.1) Cp measured for ecach fragment
in the vertical wind tunnel., Table A-3 contalns the presented area
measurementz for tha 66 fragments cbtained from the icosahedron gage and
calculations using tho equivalent rectangular parallelepipeds., Tables A-4,
A-% and A-6 contain the dimentionless ratios which were lnvestigated as
correlation parameteru for Cn. Note that the fragments have been reordered in
ascending C, to help in the p corvelation. The old frag number Is that
designated In Tables A-1, A-2 and A-3.

During the wind tunnel teating, the motion of each fragment was
roecorded. It was found that the motions could be defined in 9 distinct
types. Each figure shows the plan views (L~W plane) of those f{ragments
exhibiting the distinct motion ir.icated on the figure, Two numbers are given
below each fragmeat. The first is the fragment number contained in Tables A-l,
A~2 and A-3. The second anumber, {in parenthesis, is the subsonic Cp measured
in the vertical wind tunnel. It was hoped that knowing the shape, motion and
Cp might provide an additional method for correlation. Currertly, this has
not been realized. It is interesting to note that only 35 percent of the
fragments tumble randomly. This is at odds with the traditional assumption
that all fragnents tumble rancomly in fllght. It is because of the
traditional assumption that Cp s calculated using the average presentecd area.
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TABLE A2 CONTINUED
FRAGMENT DATRA

GEUMY LR Al MG LD WA T ur Le we
WOKE Grang Ik IN IN D WM K m m n o
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S 4 W2 27 GG &SI 28 &6 Q17 AN AT LES LU
T 6 ™I LG L 48 16 43 &6 a4 X} 23 L6
S 4 B LR AT LR LS K7 K1 A% 4B 213 LN
U 4 M6 28 LIS &7 28 &3 AN SB  AN 29 LU
TS AT 20 AT AR 1.9 &7 K 4B AN L8 .
% 4 Mm9 L7 AT &Y 23 &6 K16 S8 LD LB 1.6
¥ 6 M7 LE A% 7 L3 &0 &5 3IQ I3 213 W
W 6 MM LI AW AR 21 &7 &6 AR AD 23 L2
M 4 M2 1L LE RS 16 L0 RIS AR LIS 2% 1.8
@ 6 A1 1.5% &S &6 L3 &9 B2 I® LM 23 W
0 4 &7 247 LB LY 21 39 B3 SE 186 23 L%
2 4 B3 L0 AW AW L8 A7 LA A% A 281 AT
S 0§ 483 213 Lk &M 21 & RIS 13 4B 28 &
@ 4 1 LS LT LW 20 10 RIS 6B g LA 4
@ 3 M 17 RN LM 1.8 &6 R AW 375 L% RES
@ 6 TNE LR LA &N 44 L8 RIS AN I 28 166
@ & TLY 212 .10 K@ 28 &8 RI7 A% AN 28 e
@ 3 W9 L® LB 2 16 &8 M2 I W L4 A%
B 6 YR2 LY LW R 49 &8 R 5K AM L2 LW
M4 %2 LT LM LS 13 &7 AT A A1 2K &n
M4 @4 29 &% AT 23 &3 A3 6K 323 213 &%
06 N7 219 LW &R 21 L1 AWM 5SS AN 27 A%
TTO6 64 19 LY &M LE L1 L1 AN 16 2% &A
M4 SRS LS LI 86 LI K0 L2 AS A8 I LK
2 TO6 GBS 2% LW L& 21 &8 L2 1% A% 263 &%
é % 03 TINS 232 1.2 &3 L8 L8 &AW 3K 43 LW AN
W6 ML M &S AW 26 € LI G 1% 219 129
W™ 4 WG 28 LI AN 28 &7 & M &I 28 AW
M 6 TRT LT L7 845 23 18 &7 NI % 268 1%
® 4 T8 2R AE &N 29 &7 LA LS G&E 219 4%
M6 T2 20 &Y &3 24 &8 &2 3E 16 213 as
R 4 e LB 1S &N L6 L1 LZ A8 1% %k M
£ 6 K7 L% LM &M 6 L4 RIS IO L6 YW B
B 6 A 29 L& A5 38 63 &6 LB B 23 1.0
® 4 WINT LB LW % 2T L1 KW T8 AT M AW
® 6 ISWMI LY LW 6 33 L2 K2 B &7 A1 LM
: W 4 B4 3T 28 &6 33 L2 L2 &M £% 6 A%
' ® & 12 1Y LE S 38 L2 &2 83 LB 1@ A4S
B 4 WET 23 L4 &% 23 A3 M43 375 NG Lm M
e W 6 W2 27N 28 &75 24 L8 K43 RIS L8 L% AT
% 6 W6 W L8 &M M L4 &3 AN 63 L@ 1%
® 4TI AN 20 6T 43 1S &2 123 Al 3% L&
. $ & UM 4B LW K &1 L3 BB IN6 00 IJ Le
~ % 4 WM T OLE KT 29 LA RM &% 6B A8 LR
. ® 7 w7 2 2% N 20 L3 A A8 13 L%
% 7 DAL 4B L7 LT Az 36 &M NG 18 L 4% :
BOURCE CODE
1~ BAR (1/6 X 1/4 X § 1/4) % - 76MM MK 165 PROJECTILE
2 ~ 1.08 IN. DIRMETER SPHERE & - MK B84 LOW DRAG BOMB
: 3 - .78 IN. PER SIDE CUBE 7 - MK 82 LOW DRAG BOMB
.‘3‘3 4 -~ 133MM Mi87 PROJECTILE
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2
3

HIN
1C0s
Q. 20
8.749
3.64
9.19
@B.17
9. 16

0.18
3.18
10 Q.23

unqmu»uNmﬁ

12 a.21

16 @.21

@. 42

. 42
" 33
@.39
8. 41
.41
8. 47

@. 37
@. 43

I I I A VLR N FL LI T
s
§

L e S T L A LA L L S A AP

ARER
caLc
G. 07
.79
a. 58
2. 86
29.04
6. 86
@. 06
Q.03
Q. 06
@.a3
8. 06

2.10
a. a7
2. 88
2.93
Q.86
2. 96
a' w
2.07
3. 86
. 67
0. 10
a. 11
3. 08
d. 88
.09
6. 10
o. 10
. a8
a.12
a.a7
9.13
@. 11
@. 83
3. 10
@.11
@.12
a.13
Q.12
8. 13
@. 11
a. a7
0. 16
0.13
0.14
9.13
@.13
0. 13
. 16

ICOSAHE®
MAX ARER
ICaS CALL
2.43 0.37
@.79 B8.79
a.98 1.e0
2.37 0.47
¢ 58 6.66
8.41 0.32
.41 0,32
2.38 9.73
2.30 2.97
8.70 @.83
a.49 0.57
9.351 0.63
8.36 0.44
8.46 0.952
.46 0.356
@.57 e.71
3.3% 0.67
9.52 ©.50
@.822 0.62
0.62 a.ue
@.74 9.92
2.60 ©.92
2.61 ©.69
"9SS 0.82
2.79 .93
9.76 @.93
a.735 0.87
8.73 .01
.69 0.81
g.74 ©.69
8.57 8.71
e.81 0.99
0.68 ©.71
.06 1.01%
1.85 1.17
2.9 1.00
9.83 1.01
@79 @.93
1.5 1.19
@.77 @.069
9.7¢60 9.92
8.8 ©0.33
1.43 1.84
8.66 @.83
@.79 ©.89
0.83 0.9
@.682 1.02
a.97 1.11
A.90 1.068
.83 t.0®

IM V3 CALCULATED AREARS

TABLE A3
AVG AREA
ICOs TALC
3.34 @.78
@.s8 @.79
e.87 @.87
9.3 0.31
2.37 0.41
0.38 0.3a
9.30 0.34
.37 B.44
3.33 .37
a3 @.49

.36 8.37

.33 9.40
..20 8.3
.34 0.33
e. 36 @.37
e.12 0.46
0.78 @.43
¢. " &ag
a. @. 41
e. . V.70
8..3 0.36
9.5 .37
@.45 0.47
8.4 @A.52
8.5 @.39
0.54 @.99
a.354 0.37
Q. 34 2. 5‘
8.3 J.54
8.3 3,99
@. 4 3.5
8.6 2.63
@.4E 0.31
g.61 U.638
Q.68 0.74
#.62 23.69
4.61 J).66
$.53 0.63
8.71 2.76
@.62 2.62
8.3 2.82
8.635 .
1.02 .97
.33 . 60
@.39 .62
9.64 . 66
?.63 - 69
a.68 72
é. 64 .71
9. 64 - 50
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sTD
I1C0S
a. a7
.00
e.10
2.a3
Q.11
e.07
Q.47
d.12
a.0S
@.15
@. 88
a.10
.03
@. a7
.87
@ 11
.10
o.08
8. 10
2.10
9. 16
2.16
a.10
@. 16
@.17
@.14
@.12
@.12
11
3.12
a. a7
29.14
@a. a7
2. 14
@23
a. 18
a. 1S
é.14
Q. 20
9.12
0. 06
@.12
Q. 24
@.07
@.11
@.14
2.11
@.19
a. 16
Q.12

~

-t

DEV VARISNCE
CALC I1COS CALC
8. 29 2.00% @.08
.20 9.003 Q,2¢2
2.03 2.009 &.2008
.11 Q2.3083 @.012
@. 16 2.213 0.027
2.12 2.203 @.013
8.12 2.305 2.013
6.19 B.813 @.836
a. 14 2.209 @.@:19
9.22 @."M3 a.o03a
[ 9 B 2.007 0O.018
@. .16 8.018 .027
2.10 2.222 9,009
S.12 3.008 @.014
2. 13 2.003 @2.917
@.17 2.011 2.029
8. 16 2.009 @G.026
0.13 2.7 0.018
9.135 0.01i¥ @.021
3. 20 B.0:0 @.4x9
2. 23 8.626 @.9054
9. 23 @.025 .03
d. 1€ 2.010 @.0824
@. 20 2.823 .04
2.23 8.329 @.@351
8. 23 2.02¢8 0.a351
9. 21 B3.813 @, 043
a. 19 2.914 O.036
$. 19 0.011 .03
@. 21 0.816 G.0s3
a. 19 3.085 a.022
3. 23 2.819 @.8353
9.13 9.905 e.@22
9. 24 e.e18 ©.039
d.29 @3.8353 @.eR8s
3. 26 2.831 @.06%9
0. 24 2.823 @.0358
Q.22 S.819 @.948
6. 30 0.040 .89
9.20 6.013 .839
@. 22 S.004 @.043
2. 21 9.913 J.845
9. 49 8.056 €.236
9.17 0.904 ©O.829
@. 1% 2.012 a.837
@. 21 2.020 0.046
9. 24 3.012 2.¢9
a. 27 @.037 @a.¢/1
3.23 2.023 0.064
.23 0.015 0.0352 -

'(.:_
L
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R
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TABLE A3 (CONTINUED)
ICOSAHEDROM VS8 CALCULATED AREAS

! }E?x‘l FRRG MIN AREQ MAX ARER AV RREA 8TD DE\' VARIANCE
N NO. ICOS cALT 1CO08 CALC 1C0S CR.C 1COS CALC tcos  cALe
o/ 51 .48 @.i@ 1.05 1.25 ®.78 9.8z 9.19 2.30 Q.37 ©.088
g 52 ©0.41 0.13 1.28 1.31 ¢.77 ©.83 9.26 0.32 ©G.068 0.104
' 33 0.%¢ Q.13 2.90 1.10 .75 0.74 9.11 0.25 ©@.912 @.064
g % 8.34 0.10 1.67 1.€2 2.96 1.07 .41 0.43 ©0.1689 ©.228
, S5 @.46 0,12 1.20 1.37 2.85 ©.€8 .23 2.33 @2.85: @.111
s6 0.3 92.29 1.39 1.59 9.9 0.9s 0.27 6.38 ©.872 Q.44
87 Q.46 0.18 .96 1.10 .73 @.76 0.15 2.2 ©2.022 @.059
38 @.25 B8.11 1.34 1.5 @.87 0.%5 Q.46 ©.37 0.269 Q.138
59  @.45 0.1% 1.5% 1.63 .92 1.02 2.3% @.41 @.121 0.169
. 6@ @.49 @.19 2.97 1.1 .73 @8.77 0.14 0.26 ©.820 Q.@57
6. 0.53 B.12 1.668 1.9 1.83 i.14 2.36 ©.59 0.1T1 @0.246
62 Q.64 ©6.14 @2.99 1.32 2.86 2.8 2.10 2.31 2.0128 @.094
" &3 Q.40 @.12 1.39 1.71 8.93 1.06 B.30 0.43 2.089 0.187
64 @.52 .13 1.94 2.62 1.15 1.19 V.47 0.55 @.22%5 O.. 30
&S ©./6 0.14 1.13 1.17 0.79 o.83 .20 9.25 0.240 0.us3
&% Q.33 o.19 1.38 1.44 8.85 @.93 .26 8.3% 0.267 @.120
67 @.62 0B.14 1.4%5 1.64 2.97 1.04 9.25 .43 0.054 Q.164
68 Q.39 0.37 1.346 1.34 .86 @.9% .20 9.31 2.839 @.094
€9 0.37 o.1s 1.280 31.97 0.9 1.@1 0.21 0.38 ©0.836 @.143
7@  98.43 0.19 9.91 1.14 @73 9.82 6.13 9.2 0.018 0.05%
71 9.%1 @.13 1.88 2.1@ .15 1.27 .42 0.354 @.174 ©0.2°9
72 @.61 8.16 2.689 2.34 1.26 1.39 .49 A61 ©0.242 0.37Q
- 73 0.52 0.21 1.69 1.6@ 1.86 1.14 .38 Q.44 @.127 ©.196
7% ©.6a4 .18 1.46 1.5%9 1.1 1.06 .28 O0.3I7 0.2%59 @.136
. 75 B.351 0.i6 1.6% 1.74 1.168 1.13 @.31 0.42 0.097 @.173
! ~, 76 Q.47 Q.22 2.0 1.83 1.14 1.1® 8.46 0.63 ©0.196 ©.203
y e \ Ey 77 9.48 0O.14 1.76 2.13 1.17 1.34 .38 0.33 0.:47 ©.281
: Seeia . 78 @.84 Q.14 1.86 2.04 1.29 1.33 .30 0.49 0.288 .28
: 73 ©.689 8.17 2.07 2.34 1.30  1.43 .62 .99 0.173 4. .3%2
: 29 @.67 0.14 1.70 2.03 1.26 1.33 .30 9.49 ©.090 0.234
. 82 9.6 @.17 1.61 1.99 1.28 1.29 0.26 0.48 Q.¢67 (.227
' 82 ©.69 9.26 1.9 1.82 1.88 1.19 9.20 0.4 Q.878 A.18¢
' . 83 @.51 @.27 1.98 2.28 1.27 1.48 0.46 ©.57 . 236 8.329
] “ 'Q“ Q. 15 2-20 2.73 1.“ 1057 ao“ 0.7‘ B. 219 'o“g‘
' s a2 3. 28 2.01 @. 7 9. 533
. o6 0. 26 4. 03 2.46 1.83 1.033
t a7 e.28 4. 04 2.30 1.02 1.834
\ . “ .-26 ‘-“ 2003 tn 18 1-‘“
) ] Q. 41 2.53 1.9 a.%58 8. 245
. “ 0.‘3 2.“ ‘093 ..5‘ ..2“
1 . .. 33 4.20 2.64 1.58 t.151
b .2 0. 33 6.33 3. 86 1.71 2. 988
s <3 @.39 6.29 3.81 1.68 2.%349
‘ 9% 9. %9 &, 27 2.92 0.96 0. 929
' 3 2.97 7.0 6.37 .11 1.232
p . % _2.84 14,98 ‘8.32 3.33 11.078
§. . .
g e EXPLANATION OF COLUMN HERDINGS
;; ‘ NIN AREAR — MINIMUM PRESENTED ARZA (5@. IN.)
N MAX AREA - MAXIMUM PREBENTED ARcA (5Q. IN.)
b . V0 AREA - AVERAGE PRESENTED RRER (BQ. IN.) !
5 8TD DEV — STRANDARD DEVIATION OF PRESENTED AREAR (8Q. IN.)
S VARIANCE - VARIANCE GF PRESENTED ANEA (IN. 4TH)
[ . . 1co8 - AREAS CALCIR.ATED FROM ICOCAHEDRON GAGE DATA
;q’ N t‘ia CalL.C -~ AREAB CALCULATED FROM APPROXIMATING RECTANGULAR PARALLELEPIPLCDS
0 \
},
g _ 1=73
i
b
t
P - \ ) !
- - \ '
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TABLE A4
PRESENTED AREA RATIOS

FRQAG NI, MAX / MIN MAX 7/ AVG AVG 7/ MIN
NEW OLD CD ICOS CALC ICOS CALC ICOS CALC
1 2 6.42 1.00 1.008 1.09 1.00 1.20 1.00

2 SsS B.%a I. 26 1.22 2.48
3 3 @.64 1.%4 1. 73 1.13 1.15 1.36 1.5
4 7 0,71 2.10 5.99 1.22 1.39 1.73 4.32

s  4& @.72 1.69 5.0% 1.23 1.39 1. 41 3.63
6 62 ©.73 1.56 9.49 1. 16 1.5 1.34 6.33
7 43 @.76 1.65 8.16 1.20 1.49 1.38 S.48
(-] 41 9.76 1.44 5. 94 1.2 1.47 1.19 4.03
9 11 B.76 2.42 9.53 1.45 1.53 1.67 6.21
10 37 .73 2.10 6.05 1.31 1.4% 1.68  4.18
11 33 .79 3.36 14,41 1.55% 1.58 2.17 9.e9
12 9 9.7. 5.20 1.37 a.51
13 45 @.89 1.S5 S.9: 1.34 1.43 1.45 &.14
14 89 ©.80 6. 24 1.3 4,66

1S 82 0.81 2.27 7.08 1.43 e 52 1.58 4,66
16 48 0.82 2.77 7.32 1.23 1.44 2.26 5,21
.17 13 6.83 1.72 4. 67 1.26 1.42 1.37 3. 29
18 45 0 =% 2.83 6. 681 1.29 1.46 1.57 4.67
19 18 0.83 2.11 10.33 1.37 1.46 1.54 7.23
73 0.84 3. 24 8. 60 1.59 1.58 2.83 S. 44
76 ©.84 4. 208 9.13 1.73 1.56 2. 44 5. 83
63 0.86 3.58 i4.36 - 1.51 1.62 2. 33 8. 86
33 8.6 1.66 S. 49 1. 24 1,39 1.33 3.96

7 Q.36 2. 27 9. o1 1.43 1. 50 1.59 6. 00
39 0.86 2.58 9.37 1.47 1.61 1.79 S.82
6% .66 2.49 8. 18 1.42 1.42 1.73 S.77
47 0.897 1.76 7.81 i.30 1.49 1.35 Se 24
€9 .87 2.27 10.30 1.39 1.55 1.63 6. 78
S5 6.8 2.63 11.81 1.42 1.36 1.86 7.58

66 0.88 3.76 15.99 1.69 .70 2.22 '9.42
i2 e.see 2.38 7.92 1.52 1.62 1. 56 4. 98
e. 89 2.20 9. 87 1. 37 1.33 1.60 6. 44
@. 89 3.23 8.36 1.36 1.62 2.98 S. 28
. 90 2.21 14,62 1.43 1.34 1.54 9. 51
0.9 2.8. 13.35 1.3 1.52 2.13 8.78
2. 9 1.99 S.80 1.32 1.43 1.50 4.0

I I R T T T R N IO T

=7
as
79
32
€a
4 0.9 1.99 7.486 1.23 1.508 1.4 &.99
67 9.9z 2.33 12.10 1. 50 1.38 1. 56 7.E3
68 8.92 1.94 7. 66 1.32 1.48 1. 47 5. 16
835 0.9 1. 87 1.33 6. 399
72 .93 S.41 16,73 1.66 1.69 2.05 8.793
9 .93 2.71 1. 05 1. 41 1.33 1.93 6. 408
1 0.9 2.19 6,92 1.29 1.3@ 1.70 5.33
17 8.94 2.63 11.01 1.43 1.35 1.62 7.13
68 9.9 17.33 1.64 12. 69
a3 0.93 2.39 26.37 1.41 1.71 1.6864 15.%0
i6 ©0.93 2.73 15.71 1.33 1.354 2.04 10.17
& 0.9 2.32 14.44 1. 37 1.33 1.84 9.42
31 @8.96 1.66 5.69 1.23 1.40 1.35 4.06
29 @. 5 1.97 8.34 1.33 1.49 1.48 S. 38
157,
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FRAG NQ.
NEW OLD

B
~ 3 -
dNBu%es2Y

R
peesm

2
REBIPEGRR=2EBBRES

[
P

REPUR 2B EARGPRR BRIV ANV IGEIRGPEAIEOECRYRY

ICO8 — PRESENTED ARER RATIOE CALCULATED FROM ICOSAHEDRON CRCE DAYA

BN BINBFIERERURNBAEER R Ra BERUNRYED

cb
@. 96
8. 9%
8. 96
9. 97
8. %
9. 90

2.9

[ ]
>
-

o b 06 ge PA g b DR o BB 0 o e 0

-
.
| ol ol
[ ]

1. 16

" e
L )
-
oo

-
e @
-
"%}

1.21
1. 24
1.24
1.29
‘.”
‘.”
1.38
.31
‘.u
1. 34
1.38
1. &2
‘.“

TRBLE AL (CONTINUED)
PRESENTYED AREA RATIOS
MAX / MIN MAxX /
Inos CALC ycas
2.84 8.97 1. 43
3.16 16.18 1.61
2.41 7.7 1. 36
3.04 16. 34 1.61
14. 33
3.71 15.358 1.63
2.96 7.26 1. 34
2.26 7.7@ i.43
2.88 8.33 1. 36
3.26 18.72 1.30
S. 27
12. 36
2.67 11.97 1. 34
3.23 18.89 1.57
13,97
7,41
2.2% 6.98 1.33
3.43 10.53 1.68
3.87 16.68 1.48
2.43 7.73 Py ™ 3
2.62 12.35 1.33
2.99 8.80 1.36
2.62 8.% 1.39
2.56 7.959 1.61
1.93 6.18 1.31
4.3 17.61 1.74
6.635 13.40 1.34
2.42 7.41 1.41
2.73 10.40 1.68
2.95 .0.45 1.37
2.86 13.27 1.47
3.37 18.34 1.385
2.68 11.38 1.41
2.43 .33 .43
13. 79
2.49 11.63 1.43
3.66 15.13 1.31
2.69 9.3 1.38
2.77 11.41 1.81
J.83 11.M1 1.58
3.84 13.38 1. 64
2. 26 8. 46 1. 40
3.17 14,32 t.33
3.72 146.29 1.36
19. 91
2.01 7. 48 1.61

CALL ~ PRESENTED AREA

PIPEDS

WL L W IWIER TS MY A A T iy Gy P A A - G B A A RCT A T RN AT T DT AR 1o u T ET LT T PP L, ULR LW L0, T ATV SV, T, A, @ ..

| N N VIR RN TN T

A oA -
TSN AT T Tt G

RATIOS CAILLCULATED FROM APPROXIMATING RECTANGULAR PARRLLELE

’

/

Ve

- s B e

AVe

CaLe
1. 54
1.68

GPGEDGUEERARAG

-
~

S b ph pe b B0 Ba 24 B0 05 b b bh 6 0b B0 08 B0 G ba b S5 4 Db nh 08 B8 6 SR B b A (b B 0t Bh B0 e s b8 B A e B

QEUTELAAUURPRRET RS gIbaubRYl
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Avo
I1COS
2.02
1.96
1.79
1.89

2.28
1.34
1.57
1.33
2.17

2.00
2.06

1.67
2.04
2.61
1.7@
1.93
1.54
1.89
1.39
1.49
2.84
3.83
1.72
1.7@
1. 98
1.93
2.17
1.84
1.68

1.76
2.42
1.94
1.97
2. B4
1.98
.62
2.03
2.38

1.74

- b b .

/ AIN
CALC
S. 83
9. 66
S.19
.47
.99
9.43
4.76
3. 13
S.69
6.90
3. 83
7.84
7.77

11.33
9.72
3. 06
bL.76
6.49

18.64
4.69
8.19
3. 73
S. 83
b. 96
4.21

10. 33
8.91
4. 89
6.64
6.68
8.24

11.44
7.28

&. 98

9.63
7.73
9. %0
6.12
7.1K8
7.33
8.32
3.64
a.37
8.77
11.77
4.76

e
Bt

-

R T N
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FRAG NO.

NEW OLD co w/r
1 2 @.42 (SPHERE)
2 |3 8.8 c.62
3 3 . th 1.Qw
4 78 a. 71 5. 50
- aa .72 4.69
6 62 e.73 9. 06

° 7T S 8.76 7.81
8 a1 2.76 3. 69
9 11 S. 76 9. 22

1@ 37 .78 3. 74
11 33 a.79 16,02
12 kL a.79 5.63
13 43 o. 680 S. 87
16 a9 .80 3. 5@
13 82 2. 81 6. 86
16 4a® [ Y -r 7.08
17 13 9.83 b, 41
18 46 @.83 6. 48
19 18 &. 83 9.63
28 73 9. 84 8. 42
21 76 #. 84 8. 98
22 e .86 14. 09
= 33 9. 66 S.e8
24 74 o. 86 8.63
23 33 @. 86 9.20
- (= é. 66 7.35
k14 a7 .87 7.49
28 €9 .87 18.18
29 =3 a. 88 11,49
38 (-2 ¢. €6 15, 684
31 12 a.68 7.79
h >4 ri4 .69 9. 34
h < X 8.89 8.43
34 e @. 90 16,02
IS5 J2 0. % 12.73
3% (=~ 6.9 3. 47
37 4 .91 7.17
h ] 87 9. 92 11.79
39 (= ] .. 22 7.33
ap a3 9. 95 92.72
[ 3} . .. 93 14.39
42 L] 8.93 .76
43 2 8. 54 3.17
os 17 8. 94 18. 63
43 a9 8.93% 17.21
ok ~ 8.9 26.29
o7 16 .43 13. 10
8 as 9.9 13.86
49 31 8. 9% 3. 29
- 29 8. 96 7.99

WA TUNS WAL AU WP P = 4---“.— e i -

TABLE A3

LINEAR AND STATISYICAL RATIOS

wW/T

1.5€
1.00
2.37
2.98e
3.3%
3.63
4. 16
4. 19
.53
.03

2.3

3.2%
1.98
4. 71
3.0%
J.78
3.69
2.7
S. 79
4.94
S. 37
2.77
3.63
6.37
2,352
3.74
4.29
4. 22
7.92
7.79
L, C9
7.37
3.91
3.36
3.37
- 3.98
L.72
3.66
3. 96
7.64
A, 44
1.1%
4,18
S. 44
7.98
3.33
3. 46
2.99
3.89

[V A B

1.74
1. 00
3.43
2.33
w, 61
4. 38
2. 26
S. 350
4,031
8. 36
L. 42
3.538
3.57
4. @3
3. 86
2.35
3. 73
3. 78
3. 6
S. 58
7.33
3. 48
4. 26
3. 643
5. 43
3. 49
6. 38
6. 71
&, 32
4. 335
5. 10
3. 70
7. 764
6. 19
3.33
2.97
7.23
5. 01
7. 08
9. 66
3. 81
3. 16
5. 84
10. 86
18. 33
8.76
8. 83
3.17
4. 96

1576

W'Y

1.32
1. 09
l.4E
1.36
2.3
2.04
1.9
3.11
2.83
2.61
2. 66
2. 38
i.68
3.18
1.80
2.34
2.59
2.29
3.92
3.19
.38
2.38
2.2%
4. 035
2.33%
1.86
3. 08
2. 47
botda
4,13
2. 48
5. 07
2.55
2.03
2. 84
1.79
3. 27
2.82
2. 83
3.41
2.68
1.:3
2.36
&, 31
S.33
2.42
2.22
2.18
2. 47

8D / RAAVE

1COs CALC
Q.17

0. 11 1
2,18 0. 29
Q.12 0.29
Q.11 .33
9.13 2. 34
9.11 Q.33
9. <3 2. 37
2. 20 Q.32
3. 34 a.32
Q. 29

2. 18 .31
9 26

a. 26 o 36
2.2 2,32
@. 16 a. 38
@, 22 .33
Q. 21 2. 33
0. 34 a.39
2.9 0.39
a.32 . 43
8. 15 ®.29
8. 2a 9. 3%
0. 26 2. 4R
8. 23 2. 39
Q.17 . 34
@. 23 Q.37
a. 27 2. 3@
2. 61 Q. 43
e, 3¢ D, 41
a. 23 2,37
Q.37 3. 41
@. 23 a. 37
9. 22 9. 36
9.19 3. 31
.17 6. 33
. 26 8.39
$. 23 @, 3a
a. 38

9. 39 0. 4s
@. 27 a. 37
9. 212 8. 23
a. 26 @8, 37
. 42

9. 23 9. 43
2. 23 a. 37
8. X6 a. 37
2.13 8.9
8. 20 9. 33

VAR / AAVO+2

Icos

Q. a1
.03
Q.01
2,91
Q. 32
e.a
2. 25
Q. 24
Q.12

.83

Q. o7
.94
2. 83
e.05
a.as
@.11
.13
2.18
@, 82
Q. 06
@, 28
9. 8b
2. a3
Q.25
a. a7
e.17
9. 23
.05
.13
8. a3
Q.23
Q.04
e. a3
.07
e, 05

@.13

CALC

2.03
G. 01
.10
Q.14
2. 14
a.16
@2.19
@. 36
Q.13
2.21
2. 28
@.15
Q.87
@.11
.16
S.30
2. 16
0.26
8.13
.12
a.16
Q.16
a,113
Q. 22
@. 11
@8.17
B.1¢6
@. 16
9.17
@. 41
& 26
9.12
.18
. 2¢
.13
@. 38
.13
é.13
.13
2. 14
a.38
@.14
@.32
@.17
.19
a. 30
.1@
a.17
a.22
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FIRAG NO.

guf
R
L« ]

RRPUR SRS RBERBEEIdIAdFANNICBARRRESTEEBARURY

BN HIRRRIERLRANEAEEYER

ERUNPEPRLRIREG ISR Y

HEADINGS

L - AWERARGE LENGTH

L
Lo
T'
B0

VAR - VARIANCE OF PRESENTED AREAS C(IN.

ot

Vo
n

FSSSERPEESES

e ® o @ & o t o 0 s .

R EBgERSERE RS aERREYES

T Y Rl el - -]

TABLE AS (CONTINUED)
LINEAR AMD STATISTICAL RATIOS

(WA
£8.69
15.98
737
16. 22
14.23
15. 34
7.83
7.61
7.58
10, 34
S. 82
12.13
11. 353
1S. 1%
15.70
7.04
€. 66
10. 38
16.12
7.83
12.06
8. 351
8. €6
7.39
3. 91
17. 44
J.@82
7.16
19.13
10.21
12.93
17.87
11.0%
7.38
15.32
11.10
14.74
9. 24
V.13
11.19
13.33
8.12
14.1%
14. B4
19. 67
7.31

W/T
4.33
€. 85
J.69
9, 46
S. 18
6. 00
4.69
3. 99
3.13
3. 94
4. 06
S. 66
T.83
S.58
%e 74
3. 40
3.63
6. &9
3. 87
S5.29
3.62
4. 23
6.33

.28
J. 2%
7.63
bo T
Go 40
4.73
3. 10
S. 20
L. L7
4. 42
&4.38
S. 64
3.27
a.34
4. 62
S.13
G. 48
5. 80
3.73
7.7
3. 61
&. 66
3. 85

W - AVERAGE WIDTH

L/
5. 61
9. 11
6H. 30
9.12
7.6
9. 74
4.29
S. 11
5. 98
6. 66
3. 34
e.91
7.57

10.09

12.@83
3. 27
Lo 46
6.57

19. 00
4. 09
6. 38
5. 19
3.53
3.21
2.82

18.C3
6. 08
6,3
6. 26
S. 86
8. 84

11.12
S. 46
4,99

10,07
6. 84
9.36
4,89
3. 61
7.10
7.76
4. 19
a8.43
8. 49

11.16
3. 22

= MAXIMUM LENGTH PL.US AVERASE LENOTH
= MAXIMUN WIDTH PLUS AVERAGE WIDTH
= MAXIMUM THICKNESS PLUS AVERAGE THICKNESS
- SVANDARD DEVIATION OF PRESENTED AREAS (6Q.

&TH)

W /T
2.86
3.89
2. 68
&, 83
3.64
3.72
3.84
2.81
2.33
2.%1
2.73
.58
277
3.32
4,E3
2.6
2. 44
4,688
2. 59
3. 38
1.83
2.4
3.23
.80
2.18
9. 36
2. 47
2.70
2,93
T. 36
3.0t
2.94
2.59
3.38
4.73
2.32
3. 11
2.69
2.92
3.33
3.63
2.16
b4, 78
3.36
3. 31
4.28

AAWO*2 - AVERAGE PRESENTED ARER SQUARED (INM. 4&TH
1C08 - ARERS CALOULATED FROM ICDSAHEDRON GAOKE DATA
CALLC - AREAS CALCULATED FROP APPRGX IMATING RECTANGULAR PARALLELAEPIFEDS

- - - @ e ® > ® ® ® @ w v ewmeemwecepmasme Ges ®-
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SD / RAVO
1C08 caLC
9.23 Q.37
@.395 S. 43
Q.22 .34
9. 33 2. 46

@.41
2. 36 . 42
@. 21 @. 36
Q.25 @.33
2.12 a.33
.28 .37

@a.32

. 41
Q.22 @.37
3. 33 @.42

Q. 42

a.3%
Q.22 2.73
@. 38 0. 41
@.29 2. 38
a. 28 . 37
.24 a. 36
©.23 @. 36
Q. 24 . 37
2. 32 .37
2.19 a.33
@.43 8.43
.38 @.33
0.23 .36
0.29 .38
9. 34 @. 39
2.29 9.L8
9. 31 0.40
.56 Q.38
9.28 .36

9. 42
8. 24 9.3%
.33 Q. 43
0.22 0.38
2.23 €. 40
2. 32 8.38
3. 32 B. 41
8. 22 @.35
a.33 2.43
8.34 @.41

a. 44
9. 34 9. 38

IN. )

)

T - AVERAGE THICKNESS

earae -4 -~ a @

VAR / KRAVG+2

1coe
2. 06
9.12
@. a5
.12

8.13
.03
a. 26
a. 24
2. 08

a.a3
.11

o.es
@. 18
°.03
. 00
3. 86
0. 03
8. 26
e.29
e, 04
¢.18
e.@9
8. 96
8. 29
8.12
8. a8
.18
e.07
0. 20

9. 06
@911
2.83
2. 83
.19
.18
8. a3
a.11
0. 12

8.12

CaLC
Q. 20
Q.17
Q.33
.43
Q.17
a. 14
@, 35
Q.19
.17
@.312
3.10
@.17
2.11
e, 11
@. 18
8. 11
2. 24
Q.17
@.13
a.19
@.16
@. 39
8. 48
@.13
2. 16
.19
3. 16
.18
@. 21
@.18
0. 28
9. 39
. 26
a. 31
.17
6. 23
8.12
0. 22
€. 31
9.29
@.12
0. 22
@.63
7. 30
a. 20
@.208
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Q.42
a. 5@
0.64
@.72
e.72
a.73
o.m
@.76
a.7e
S8.78
8.79
e.79
0. 80
@. 80
@.81
a.82
.83
8.83
a. 83
8.84
@.84
%. 86
.66
a.%
¢.86
®. 686
@.87
@. 87
a.w
a. 88
0-98
9.89
@. 89
@. 9%
%, 99
s.”
.91
@. 92
..”
'-”
OI”
@.93
8.9
3.9
..a
2.95
a'”
8. 96
8. 96
0. 9%

1.020
1. 03
1.2
1.2
l.as
1-25
1. 12
1.95
1. 22
1.07
1. 10
1. @7
1.1@
x. a‘
1.37
i. 00
1. 16
1.25
1. 11
1.35
1.17
1. @9
1. 1€
1. 16
1. 62
i.18
1. 26
1. 14
1. 11
1. 67

1.00
1.18
1.%
2. 83
1.47
1.98
2.14
1.97
1.87
1.7@
2. 42
1. 74
1. 59
i.48
1.42
1.9
1. 19
1.69
1.69
1.68
i.69

2,37 .

1.33
1. 5“
1.78
2.29
‘.m
2,23
2‘89
1.96
1.97
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TABLE A6
PERIMETER RATIOS

1.00
1. 08
1.00
2.2
1. 38
1.358
1.91
1I°2
1.5‘
1.39
2.21
1.63
1. 35
1. 47
1. 83
1. 90
1. @3
1.36
1.52
a3
1,44
2.3%
1.13
1.33
1.04
1.93
1. 35
1.97
2.39
1.17
1.14
2.11
1.89
2.13
2. 83
1.‘5
1.2%
1.81
1.82
2. 60
1.57
1.79
2.82
1.7
2.10
3.22
2.33

2.7

1.18
1.88

LWP/LTP  LWP/TWP LTP/TWP  LWP/LMAX

3. 14
3. 084
4. @3
2.42
2.83
3. 04
_2- 81
2.37
2.7@
2,33
2,29
2.28
2.52
.22
2, 99
2,21
2.78
2.82
2,2%
3. 11
2.39
2. 41
2,406
2,33
S. 21
2.58
2.68
2.57
2.40
3.26
2.93
2. 47
3. 23
2. 61
2.17
2.36
2.56
2.62
2.27
2.42
2.57
2. 47
2.32
2,34
2,37
2.68
2.12
2.33
2. 356
2. 31

TWP/WMAX

3. 14
2.9
4. 383
3. 03
2. 74
3. 12
2. 84
2. 47
2. 11
2. 22
2. 66
1. 71
2. 37
2. 60
2. 31
2. 32
2. 43
1. 97
2. 5%
2. 15
2. 42
1. 96
1. ”
2.33
2. 34
2. 82
2. 10
2. 25
2. u
2. 22
1.96
z. 20
2. m
2. 32
2.36
2. 92

2.25
3. 44

2. 21

2. 12

2. 39

3. 92
2. 38

2. 83

2. 31

2.73

2. 353

2. X4

2. 29
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- TABLE A& CONTINUED
PERIMETER RATIOS

< ",
3 2
) P FRAG NO. .
= NEW OLD CD LWP/LTP LWP/TWP LTP/THP LWP/LMAX TWP/WHAX
A st 37 ©.96  1.13 1.99 1.76 2.37 2.29
2 s2 61 0.9 1.12 2.46 2.19 2.32 2,20
. = 14 .96 1.23 1.48 1.19 2. 68 2.59
3 %y 18 @.97 1.45 2.29 1.59 2.32 2.8
ﬂ ss 67 0.8 £.35 2.41 1.78 2.52 1.0
- S 71 ©.99 1.15 2.85 2.46 2.36 2,22
-3 57 13 @.88 1.16 1.63 1. 41 2.7¢ 2.22
o =8 389 0.98 1.8 1.90 1.76 2.23 2.10
0y 59 42 0.98 1.08 2.43 2.25 2. 46 2.65
e 6@ 73 9.9 1.10 2.07 1.88 2.41 2.51
61 96 8.9 1.3¢9 1.59 1.16 2.9e 2.29
4 62 91 ©.99 1. 42 2.29 1.61 2.69 2,11
3 6 ©1 K99 1. 08 2,64 2.64 2.32 2.20
o3 6 64 1.00 1.76 3. 61 2.52 2.64 2.16
Y &S 93 1.8 1.3 3.93 3.2 2.83 1.587
0] 67 23 1.82 . 1.34 1.66 1.4 2.33 2.8
o 68 =3 1.83 1.56 1.64 1.96 .84 2.16
R €9 36 1.33 1.03 3.25 3. 14 2.14 2. 38
?J . 7% 43 1.8s 1.39 1.42 1.82 2.90 2.28
v : 71 51 1.3 1.3 2.89 2.81 2.186 2.64
oY 72 7 1.3 1.20 1.79 1.58 2,66 2.50
- 73 6 1.06 1.28 1.7 1.42 2.31 2.21
e . 76 65 1.66 L. 47 1.68 1.09 2.78 2.34
' ~ 7S SO 1.1 1.26 1. 46 1.15 3.29 2.39
u 76 B4 1.11 1.22 2.10 1.72 2,%1 2.16
: 77 S8 1.12 1.13 2.16 1.89 2,37 2.38
78 49 1.14 1.35 1.68 1.40 2.96 2.42
72 36 1.16 1.9 2.14 1.97 2.23 2.19
@ 32 1.16 1.34 1.92 1.43 2.67 2.16
1 22 1.18 1. 00 2.79 2.76 2.17 2.22
a2 s 1.19 1. 84 2.29 2.80 2.19 2. 68
rgﬂ &S 26 1.19 1.27 2,22 L. 78 2,62 2.22
ey e 19 1.21 1.32 1.66 1.26 2,87 2.28
A 83 65 1.24 1. 31 2.10 i.61 2.61 2.13
e % 38 1.24 i.09 2.23 2.07 2.26 2.27
%) @ 77 1.29 1.19 2.7a 2.31 2.38 2,33
- : 0 34 1.23 i.19 1.91 1.61 2.64 2.31
ooy , oy 26 1.29 1.29 1.87 1.53 2.36 2.21
y - W 23 1.3 1. 26 1.84 1.48 2.36 2. &8
e 91 739 1.3 1. 41 2.63 1.6@ 2.82 2.12
v ®2 20 1.33 1.86 1.79 1.61 2.54 2,64
2 R 8 1.34 1.18 1.86 1.57 2,52 - 2.16
il s 21 1.38 1.11 2.30 2.97 2.21 2.28
g e 92 1.42 1.38 2.20 1.8 2.72 2. @7
,Ega % 26 1.4A9 1.34 1.64 1.23 2,96 2.16
57
A HERD:NGE
230IN LWP ~ PERIMETER IN LW PLANE CIN.)
N\ LYP - PERIMEYER IK LT PLANE C(IN.)
« . THP - PERINETER IN TW PLANE C(IN.)
i LMAX - MAXIMUM LENGTH C(IN.)
5.8 ? WHAX —- MAXIMUM WIDTH CIN.)
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